Introduction
The research effort to develop a cure for hiV infection has ramped up significantly over the past decade [1] . The field has been spurred by the case of Timothy ray Brown, an individual who appears to have been cured of hiV after receiving stem cell transplants from a donor homozygous for the ccr5Δ32 mutation as part of a series of treatments for concomitant acute myelogenous leukaemia [2] , as well as a number of reports of transient hiV remission [3] [4] [5] [6] and post-treatment containment of viral load [7, 8] . a review of hiV research funding by the national institutes of health conducted in 2014 identified the pursuit of a cure as one of three key priorities [9, 10] . Total global financial support has increased substantially in the period 2012-2017, from $88 million to $2.8 billion [11] . since 2014, the Treatment action group (Tag) has published a regularly updated online listing of hiV cure-related clinical research [12] . The information is largely drawn from clinical trial registries, with clinicaltrials.gov as the primary source. Phase i trials are not required to be registered by the Us code of Federal regulations [13] , but in our experience, the majority of these studies are entered into clinicaltrials.gov voluntarily.
in august 2018, the Bill & Melinda gates Foundation contracted Tag to conduct a more detailed evaluation of the status of the clinical trials included in our listing. This paper presents a summary of the results.
Methods
Tag's 'research Toward a cure Trials' [12] provided the starting point for this landscape analysis. The listing is populated through regular searches on clinicaltrials.gov and at the time of the analysis also included studies sourced from the UK central Portfolio Management system (cPMs) (since changed to the UK clinical Trials gateway [14] ) and the website for the ePic4 study in canada [15] . criteria for designating a trial or observational study as being hiV cure related include any of the following:
• any explicit articulation in the registry entry that the study is related to hiV cure research • inclusion of relevant endpoints, such as measures of the hiV reservoir or other parameters connected to hiV persistence • evaluations of immune responses that may have a role in controlling viral replication • assessments of viral load rebound after antiretroviral therapy interruption hiV cure-related clinical trials and observational studies listed as of august 2018 that met these criteria formed the sample set for this landscape analysis. Our sample included N = 128 hiV curerelated trials, obtained via clinicaltrials.gov (n = 125), the UK cPMs (n = 2) and the website for the ePic4 study in canada (n = 1). instructions that accompanied the survey explained that it was to be completed by study principal investigators or their representatives. The link was first sent at the end of august 2018, with a request for responses by 5 October 2018. email reminders were sent to those who had not yet completed the survey at the end of september 2018 and again in early October 2018.
The relevant registry listings were subsequently reviewed for all studies in the listing to identify the countries in which trial is being conducted, invasive study procedures specified on the listing, primary study sponsors and estimated study completion date. invasive procedures were defined as high-volume blood draws/leukapheresis, gut-associated lymphoid tissue (galT) biopsies, lumbar punctures, lymph node biopsies and analytic treatment interruptions (aTis). survey respondents were asked to provide estimated participant demographic information for open and enrolling studies. Demographic information was available for completed studies in clinicaltrials.gov or associated publications.
We prepared a master database in excel. We performed a summary descriptive analysis on the full dataset composed of survey responses and additional information from registry entries in excel using descriptive statistics (i.e. mean, median, count and range). We identified key trends in development speed, enrolment speed and participant diversity based on trial category, location, sponsor, invasive procedures and other factors. We compiled frequencies and percentages for key variables (i.e. study types, number of participants, study location, enrolment status, participant sex/ gender information and study sponsor) to characterise the current landscape of hiV cure-related research. This early descriptive analysis did not test a hypothesis about relationships between these domains; rather, we sought to describe the overall landscape of hiV cure research and to identify areas for future research statistical analyses.
ethics statement study procedures were reviewed by the University of Maryland, Baltimore county Office of research Protections and compliance and were determined not to be human subjects research as defined by Us Department of health and human services regulations 46.102(7)(l) or 46.102(e) (1) .
Results
Description of data at the time of this analysis (august 2018), a total of 128 hiV cure-related studies were grouped into 24 different categories, with observational (29 studies), combinations (17 studies) and antibodies (13 studies) being the most common (Table 1 ). in the online listing, 'combinations' refers to trials combining interventions from multiple categories; the category of the individual components in these trials is not counted in Table 1 but is reported in appendix Table 1a . note that some studies in individual categories involve multiple variations of the same approach, for example, dual broadly neutralising antibodies or prime-boost immunisation regimens, including more than one therapeutic vaccine. The number of categories indicates the diversity of approaches currently under investigation in hiV cure-related research.
Based on data provided to registries, the current portfolio of hiV cure research will enrol over 7000 participants; recruitment targets for individual trials range from 5 to 905 (Table 1) . enrolment targets for two trials of hiV treatment in newborns (totalling 1505 participants) represent the number of pregnant hiV-positive women at risk of vertical transmission that will be enrolled. The primary aim of these studies was to treat the small subset of newborns diagnosed with hiV infection, which is likely to be in the range of 5%-10% of the enrolment target total. Most newborns will be uninfected and will receive standard preventive hiV treatment, exiting the trials 4-6 weeks postpartum. These two trials are included in the 'treatment intensification/ early treatment' category.
The majority of the studies (N = 118) are targeted to adults, nine involve neonates, infants or young children, and one is limited to adolescents. Most (65 of 128) plans to enrol participants in the Usa, although hiV cure efforts are increasingly global: studies are taking place in 26 countries on six continents ( Figure 1 ). importantly, while the geographic breadth of cure research is relatively wide, the average number of studies taking place in countries in africa (n = 20), south america (n = 4) and asia (n = 10) is substantially lower than the number of studies taking place in the north america (n = 71) and europe (n = 46).
We received survey responses from 73 studies representing 19 of the 24 cure-related study categories. The studies represented in the responses will enrol 3936 of the 7373 total participants anticipated in the entire dataset.
Trial completion
Projected completion dates for ~90% of the sample fall between the fourth quarter of 2018 and the end of 2020 (range: 1 april 2017-1 June 2034; median 1 november 2019). These projected completion dates reflect those trials that are included in clinicaltrials.gov and the Tag listing; studies that are early in development are likely not included in the sample. study development and trial design across all survey responses, the average length of study development was 20 months (median = 18 months, range = 4-60 months). While 21 respondents (28%) reported no obstacles during development, the majority of respondents reported at least one challenge. respondents could select multiple challenges from prepopulated responses and indicate additional challenges as open-ended responses. a total of 94 obstacles during study development were reported. local regulatory obstacles were the most frequently cited challenge during development (n = 25, 26%), followed by securing funding (n = 19, 20%) and study team concerns over intensity of participation (n = 16, 17%).
a total of 38 of the 73 respondents specified that community representatives or advisory bodies were involved in protocol development and had the opportunity to provide feedback. The majority of these respondents (n = 22) noted that the community was enthusiastic about the trial or concept, while only 4 respondents noted community representatives' concerns. reported community concerns largely centred on aTis and the potential for drug resistance.
The concerns of study teams regarding the intensity of hiV cure trials were primarily related to the number of complex or potentially invasive procedures required in many protocols. Of the 128 studies in the full dataset, at least 32 (25%) across 9 categories required participants to undergo an aTi. an additional 67 required invasive procedures, such as galT biopsies, lymph node biopsies, lumbar punctures, leukapheresis and/or stem cell transplants. Because information on study procedures was collected from clinicaltrials.gov, it is possible that there are additional invasive procedures that were not submitted to the registry record by study contacts. in addition to aTis and invasive sampling procedures, survey respondents expressed concerns over the ability of potential trial participants to meet strict inclusion/exclusion criteria and the required duration of study participation.
Factors impacting enrolment survey respondents were asked to select all applicable obstacles to enrolment from prepopulated responses and to indicate additional challenges as open-ended responses. a total of 51 survey respondents indicated at least one obstacle to enrolment with 82 obstacles to enrolment reported across all responses. The most commonly reported obstacle to enrolment was participants' reluctance to undergo invasive procedures (n = 21), followed by 'study has no benefit to participants' (n = 15) . in the open-ended answers provided to the survey question about enrolment obstacles, respondents noted strict inclusion/exclusion criteria (n = 12) and complex study visit schedules/lengthy follow-up periods (n = 10) as obstacles to enrolment. several survey respondents commented on study procedures (stigma around lumbar punctures, fear around aTis and the frequent site visits required) and discussed the need to strengthen relationships with providers who could provide referrals. Of note, 19 respondents (26%) reported no obstacles to enrolment ( Table 2) .
Despite the intensity of participation, the vast majority (90%) of survey respondents who provided a projected completion date expected their studies to be completed by 2020 (range 2018-2034). These survey responses were in line with projected completion dates in the full dataset (which included the projected completion dates provided to clinicaltrials.gov for all studies). survey respondents were also asked to indicate their trial's current enrolment status: 55% of studies are currently more than halfway enrolled. although 30% of studies reported they were less than 25% enrolled, that group included studies that have not yet opened to enrolment.
The pace of enrolment across studies was highly variable (range 3-84 months), with an overall average by study of 21.4 months. The average anticipated time for different categories of study to fully enrol varied from 6 months or less (categories = imaging studies, antiproliferative and hormones) to longer than 2 years (categories = treatment intensification/early treatment, observational, immune checkpoint inhibitors and stem cell transplantation), with an average length of enrolment by category of 18.3 months (median = 18 months). Time to enrolment is likely influenced in part by a study's planned number of participants in addition to study procedures and other factors. Of the 10 studies that planned to enrol 10 or fewer participants, the average reported length of enrolment was 19 months (range 3-60). Of the 10 studies planning to enrol 100 or more participants, the average reported length of enrolment was 24 months (range 12-36).
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Participant demographics
although the survey asked respondents to provide demographic breakdowns when available, not all respondents were able to provide this information (whether it was not yet available, not yet sufficient to be meaningful or for other reasons). approximately half of the respondents (n = 39) provided sex information about participants. Thirty-one respondents provided some degree of descriptive racial or ethnic information. some studies that have been completed made this information available in clinicaltrials.gov, and published studies included demographic information on participants [16] [17] [18] . combining these three sources of demographic data (clinicaltrials.gov, survey responses and publications), we identified race or ethnicity breakdowns for 34 studies, sex breakdowns for 44 of 128 studies and limited age information for 35 of 128 studies.
Data related to racial and ethnic diversity in trial participants were insufficient to conduct analysis for non-Us or multinational studies. in Us-only studies, enrolment (or enrolment to date) is as follows: 39% black or african american, 52% white and 16% hispanic. There does not appear to be any correlation between a study's category and its demographic diversity.
reported percentages of female participants ranged from 100% to 0%, with a mean across categories of 17% female and 83% male. Five respondents gave descriptive information (i.e. 'mostly male' or 'most are males') as opposed to estimated percentages. These descriptive entries were coded as 51% male and 49% female, so the actual percentage of males enrolled may be higher than is reflected in this descriptive analysis. Of the 44 studies where participant sex was reported, 40% (n = 18) enrolled 100% male participants (Figure 2) . One of these studies was limited to male participants, and another recruited from a cohort that was predominantly male. The remaining 16 studies that enrolled only male participants did not have sex-based exclusion criteria. in other words, there was no scientific or study-based rationale for enrolling only males, but only males were enrolled.
Twenty-five of the 44 studies that provided participant sex information enrolled both male and female participants. The mean female enrolment in these studies is 28% (median 11%). When studies enrolling newborns and infants were excluded, the mean female enrolment dropped to 16%. available data indicated that studies involving aTis had enrolled 89% male participants.
Women's under-representation varied across curative strategy (Table 3) , with five categories of curative strategy reporting no female participants enrolled to date. There was no apparent correlation between higher rates of female enrolment and study sponsor, study location or category of trial. studies that enrolled infants and preadolescent children reported approximately equal sex distributions.
Discussion
The current landscape of cure-related clinical research includes a diverse array of interventional and observational studies. in the majority of cases, trials are early stage (phase i or ii) and sample sizes are small. results are expected to become available over the next 2-4 years and will likely inform future curative research.
Potential obstacles to the implementation of study protocols that were identified in our survey included local regulatory review, which may suggest a need to enhance the knowledge of institutional review board members regarding hiV cure research. securing funding was also cited as an obstacle to trial development, emphasising the importance of increasing financial investment in the field. The field of hiV research -biomedical prevention as well as treatment and cure -is quite complex and requires increased engagement and understanding from all invested parties: review boards [19] , communities [20] [21] [22] [23] and referring providers.
Factors impacting enrolment
The reported enrolment obstacles -and the high reports of no obstacles to enrolment -merit further discussion and collaboration between community and researchers, particularly in light of evolving conversations around the acceptability of aTis and other invasive procedures in hiV cure research [24, 25] . Because these small early-phase studies are not required to enrol diverse participants, it will be important for study teams to balance the need to enrol quickly and to meet stringent inclusion/exclusion criteria with the potential ramifications of not including any female participants.
survey responses indicated that, even with a high number of highly invasive procedures, many cure trials are able to enrol quickly. These data suggest that despite the lack of benefit for trial participants and the intense nature of sampling procedures, hiV cure-related trials that require invasive procedures and/or aTis are able to enrol at a pace similar to those without such requirements.
Participant demographics
in agreement with prior analyses [26, 27] , our findings identified an under-representation of women in current studies. Our findings, including that women's under-representation is more pronounced in some categories of cure research, are in line with earlier findings on women's under-representation in cure research [26] . The demographic information provided in surveys is incomplete -respondents were asked to provide information 'to date' -meaning participant demographics may change as trials fully accrue. Trends should be interpreted with caution; however, we are still able to identify areas where increased participant diversity is needed, including the five categories of cure trials that reported zero female enrolment. importantly, several studies were able to enrol higher numbers of adult female participants, including one study that was open only to female participants. The enrolment strategies these studies reported did not differ significantly from studies that exclusively or primarily enrolled male participants. it may be worthwhile to ask representatives of these studies to provide additional qualitative information about their recruitment practices, including the use of financial incentives. a planned follow-up survey in 2019 will seek to further explore these issues.
given that the vast majority of studies in this analysis (113 of 128) are phase i or ii, they are not required to enrol adequate numbers of women or minorities under the national institutes of health revitalization act, and studies taking place outside of the nih's purview are not bound by this mandate. however, because the current landscape of cure trials is still in its early stages, now is a critical moment to incorporate measures to increase participant diversity (geographic, racial/ethnic, sex and gender). Previously identified sex differences in hiV reservoirs and persistence [28] [29] [30] [31] underscore the importance of increasing female enrolment in hiV cure studies.
lack of diversity, both in terms of participants and the geographic location of the research, could significantly affect the generalisability of anticipated results. enrolling diverse participants not only may allow researchers to identify potentially important safety signals or relevant endpoints but also will ensure that mechanisms are in place for curative strategies to reach all populations impacted by hiV and perhaps avoid implementation challenges akin to those seen with pre-exposure prophylaxis rollout [20] . since hiV cure research is increasingly asking participants to give more in terms of number and intensity of procedures while receiving little or no personal benefit, every effort should be made to ensure that results can be as broadly applicable as possible.
ethical considerations
This analysis highlights a need to try and diversify participation, while recognising that the absence of potential benefit raises difficult questions regarding how to ethically manage risk and places an onus on altruism as a motivation to join studies. Facilitating the informed participation of a broader spectrum of people living with hiV is likely to require increasing the availability and accessibility of information on cure research. While simply enrolling larger numbers of women or minorities is an insufficient solution to the structural health disparities that decrease their participation in the first place [32, 33] , a body of research has demonstrated that historically under-represented populations are willing to participate in research when they are asked [34, 35] , and at least one study of screen-out rates in a cohort of aiDs clinical Trials group trials found that women's screen-out rates do not differ significantly from men's [36] .
community enthusiasm for hiV cure research remains high, as does momentum to diversify the participant base of hiV cure research [37, 38] . Many researchers have recognised the importance of early and meaningful community engagement from trial development through implementation [39] . We are heartened that over half of survey respondents reported community involvement during trial development and encourage investigators to continue seeking input from diverse communities. Further characterising community involvement and engagement -how this is understood and operationalised in different settings and by different stakeholders -will be an important area of future research.
limitations
There are a number of potentially important limitations to our analysis. The primary means of identifying cure-related clinical trials and observational studies was the clinicaltrials.gov registry, which relies on those conducting the research to supply information and does not mandate entry of phase i trials.
The response rate to our survey was 57%; however, we had hoped for higher overall responses and representation from all categories of curative strategy. not all respondents provided elaboration or comments for different survey questions, including describing community engagement, participant demographics or enrolment challenges, which limits our ability to make comparisons across trials. notably, detailed breakdowns on the sex and ethnicity of participants were only available for a subset of studies. This is understandable since survey respondents were often providing real-time estimates for studies that are still enrolling, and we hope that more information will be available during the planned follow-up.
responses were not anonymous. We disclosed to respondents in survey instructions that the survey had been requested by The Bill and Melinda gates Foundation, an organisation that is known to fund global hiV research. These two factors may have produced possible response bias in our results.
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